Objective: To evaluate Bacille Calmette-Guérin (BCG) effects after clinically isolated syndromes (CIS).
The majority of multiple sclerosis (MS) cases start with a first demyelinating episode (usually referred to as clinically isolated syndrome [CIS] ) that is generally reversible. Approximately half of these cases convert to clinically definite MS (CDMS) within 2 years of the diagnosis and have substantial risk of disability, while about 10% of people with CIS remain free of further neurologic events, even in the presence of MRI compatible with MS. [1] [2] [3] [4] Interferon (IFN)-b and glatiramer acetate in subjects with CIS proved to be beneficial for conversion to CDMS. [5] [6] [7] [8] Concerning disability, recent works showed that a delay in the administration of IFN-b up to 2 years from the first clinical event did not affect long-term disease progression.
In a previous pilot study, Bacille CalmetteGuérin (BCG) vaccine was safe and possibly effective in reducing MRI activity of patients with relapsing-remitting MS. 12 There are also data that BCG vaccination might decrease the risk of developing persistent T1-hypointense lesions over a 24-month follow-up, suggesting long-term beneficial effects of the vaccine. 13 Though underlying mechanisms remain largely unknown, there is empiric evidence from other immunopathologic conditions (especially type 1 diabetes and asthma) that an adjuvant approach exerts favorable immunomodulatory effects. [14] [15] [16] [17] Considering the above evidence and because the adjuvant approach is inexpensive, safe, and handy, we thought BCG appropriate for people with CIS.
METHODS Classification of evidence. This study provides Class I evidence that BCG vaccination, as compared to placebo, was associated with significantly reduced development of gadolinium (Gd)-enhancing lesions in patients with CIS for a 6-month period prior to starting immunomodulating therapy.
Standard protocol approvals, registration, and patient consents. Individuals with a first clinical event suggestive of MS were enrolled between January 2003 and June 2006 at 4 Italian MS Centers: Center for Experimental Neurological Therapies, Ospedale S. Andrea-site, and Department of Neurology and Psychiatry, "Sapienza" University of Rome; Fondazione Don Carlo Gnocchi, IRCCS, Milan; and Department of Neurological Sciences, Federico II University, Naples. The study is registered at the ClinicalTrial.gov Web site with the identifier NCT00202410. The trial was conducted according to Good Clinical Practice guidelines and the Declaration of Helsinki. The protocol was approved by the local ethics committees and each patient provided written informed consent.
Patients. Inclusion criteria were a single clinical episode suggestive of MS with either monofocal (optic neuritis, brainstem-cerebellar syndrome, spinal cord involvement) or multifocal onset; a baseline brain MRI scan supporting a diagnosis of MS (i.e., with at least 2 clinically silent T2-hyperintense lesions); age between 18 and 50 years; no steroid treatment in the 2 months prior to inclusion in the study; and no disease-modifying therapy (DMT). Exclusion criteria were systemic diseases or suspected tuberculosis (as resulting from Mantoux reaction or chest x-ray), pregnancy (women of childbearing potential agreed to use contraception), or breastfeeding.
Protocol. Participants were randomly assigned to receive BCG vaccine or placebo and monitored monthly with brain MRI scans for 6 months. Then all the individuals entered a preplanned followup phase of 12 months with IM IFN-b-1a (which was indicated in first demyelinating events when the study was designed). A prospectively planned open-label extension of the trial was conducted up to 60 months from vaccine or placebo (from month 18 onward the patients were treated with the DMT that their neurologist in charge considered indicated).
Participants underwent physical and neurologic examinations, including rating of disability by the Expanded Disability Status Scale (EDSS) score, 18 routine blood tests, additional tests to rule out alternative conditions mimicking MS, ECG, x-ray chest, and brain MRI scan. Moreover, Mantoux reaction (intradermal injection of purified protein derivative [5 A list of randomization numbers and corresponding treatment numbers was computer-generated before the start of the study. Participants, assessing neurologists (a 2-physician treating and assessing model was used: the treating physician was responsible for supervision of study drug administration and for recording adverse events and safety assessments; the assessing physician was exclusively responsible for all neurologic assessments), and neuroradiologists were masked to treatment allocation for the double-blind phase of the study (the 6 months following vaccine or placebo and the preplanned follow-up of 12 months during which all patients were treated with IM IFN-b-1a [Avonex; Biogen Idec Inc., Weston, MA] 30 mg/week IM). Follow-up to 60 months from vaccine or placebo was the unblinded extension of the trial.
Subjects underwent serial clinical examination (monthly at the same time point as MRI during the first 6 months, every 3 months during the preplanned follow-up from month 6 to month 18, and every 6 months during the open-label extension to 60 months) aimed at assessing a relapse (the appearance of new symptoms or worsening of previous symptoms/signs associated with changes in the neurologic examination lasting longer than 24 hours) or any adverse event (any untoward medical occurrence regardless of its causal relationship to the study treatment). The severity of the adverse events was graded as follows: mild (minimal or no required treatment and no interference with the patient's daily activities); moderate (low level of inconvenience or concern, may require therapeutic measures and cause some interference with functioning); severe (interruption of a patient's usual daily activities and requirement of systemic drug therapy or other treatment, usually incapacitating); life-threatening (immediate risk of death). During 6 months after vaccine or placebo, subjects were imaged with monthly Gd-enhanced MRI of brain. MRI was performed in all patients with a 1.5T magnet (Philips Gyroscan NT 1.5; Philips, Guildford, UK). Proton density and T2-weighted (T2W) conventional spin-echo (CSE) (repetition time [TR] 2,000 ms; echo time [TE] 20/90 ms), fast fluid-attenuated inversion recovery (TR 6,000 ms; TE 150 ms), and T1-weighted (T1W) CSE (TR 5 550 ms; TE 5 /12 ms) were acquired in the axial plane with 5-mm contiguous slices, and a field of view 5 240 mm, matrix 5 256 3 256. The hard copy was analyzed by 2 experienced neuroradiologists working in pairs (when there was a disagreement, a third senior neuroradiologist reviewed the images and a final consensus was reached), who detected the number of Gd-enhancing lesions, T2-hyperintense lesions, and T1-hypointense lesions. A T1-hyponintese lesion was defined as any region with low signal intensity relative to the surrounding white matter, corresponding to a hyperintense lesion on T2W images and not associated with the presence of an acute enhancement on T1W postcontrast MRI. 19 An additional 2 brain MRI scans were performed 12 and 18 months after vaccination or placebo.
Outcome measures. The primary endpoint was the cumulative mean number of total (new and persisting) Gd-enhancing lesions during the initial 6 months. Secondary endpoints included other MRI outcome measures (mean number of new and enlarging T2-hyperintense lesions and mean number of new T1-hypointense lesions during the first 6 months, as well as mean number of Gd-enhancing lesions, new and enlarging T2-hyperintense lesions, and new T1-hypointense lesions at the months 12 and 18; mean changes in the number of total T1-hypointense lesions from baseline to months 6, 12, and 18); mean number of relapses at months 6 and 18; clinical endpoints measured after 60 months of follow-up (cumulative probability of CDMS conversion, mean number of relapses, mean EDSS score, and number of subjects free of DMT); and adverse events.
Statistical analysis. The calculation of sample size was performed considering our previous study with BCG on patients with relapsing-remitting MS 12, 13 : we assume that a sample size of 35 patients per group had 80% power and an avalue of 5% to detect a treatment effect of 65% reduction or more on the number of total (new and persisting) Gd-enhancing lesions seen on 6 monthly MRI scans. The level of evidence was Class I, according to the classification scheme requirements of the American Academy of Neurology. A negative binomial regression model was adopted to compare the rate of total number of Gd-enhancing lesions, new and enlarging T2-hyperintense lesions, and new T1-hypointense lesions over the first 6 months after BCG or placebo (relative risk [RR] ). Negative binomial regression was chosen when the assumption of equality of the mean and variance in the Poisson model did not hold true. These statistical analyses were adjusted for the following baseline variables: age, sex, EDSS, Gd-enhancing lesions, T2-hyperintense lesions, T1-hypointense lesions, clinical forms at onset. The cumulative probability of CDMS was calculated for each group according to the Kaplan-Meier product-limit method and compared with use of the Mantel log-rank test; the same outcome measure was also calculated through a multivariate analysis according to the Cox model. Moreover, a regression logistic model on DMT-free subjects (follow-up to 60 months) was performed. The above multivariate analyses were adjusted for baseline variables. MRI endpoints were also assessed with Fisher exact and MannWhitney U test to compare categorical variables and distribution of lesions. Clinical efficacy analyses are reported for the intention-to-treat population, defined as all patients who were randomized and evaluated at baseline. All statistical analyses were 2-sided, with an a value of 0.05; no adjustment (type I error rate) for multiple comparisons was made.
RESULTS Patient disposition and characteristics. A total of 100 individuals with CIS were assessed for eligibility. Eighty-two were deemed eligible and were Figure 1 Flow of patients through the trial randomly assigned to receive vaccine or placebo. Nine subjects withdrew consent before receiving treatment, with the remaining 33 assigned to vaccine and 40 to placebo: all subjects completed the phase of monthly MRI, except for 1 vaccinated and 1 placebo individual who missed the last scans; all subjects completed the preplanned follow-up with IM IFN-b-1a (4 out of 40 individuals of placebo arm missed scans at 12 and 18 months) and the open-label extension of the trial up to 60 months ( figure 1) . Demographic, clinical, and MRI characteristics were comparable between the 2 groups at baseline: none of the comparisons gave significant differences (p . 0.18 in all cases). A trend toward more active scans and more subjects with spinal cord involvement was present in the placebo group (table 1) .
Outcome measures. Disease activity was reduced in the treated group during the 6-month follow-up (table 2, figure 2 ). For the primary endpoint, the rate of cumulative mean number of total Gd-enhancing lesions was lower in the BCG (3.09 6 5.40) compared to the placebo group (6.62 6 11.84), in spite of wide variances in both study arms (figure e-1 on the Neurology ® Web site at www.neurology.org). The RR was 0.541 (95% confidence interval [CI] 0.308-0.956; p 5 0.03), adjusted for the baseline variables. (table 2) . No adverse event occurred after 6 months except for local reaction to inoculation in 3 subjects who were vaccinated. The number of relapses was 5/40 (12.5%) in placebo vs 2/33 (6.06%) in BCG arm (risk difference 6.44%, 95% CI 6.65%-19.53%; p 5 not significant).
Data from single scans at months 12 and 18 are presented in table e-2. MRI activity did not differ between the BCG and placebo group, while the mean number of new T1-hypointense lesions was higher in the placebo group at month 18 (0.20 6 0.56 vs 0.00 6 0.00; p 5 0.04). At the same time point, During the follow-up at 5 years, we observed a significant difference between BCG 1 DMT and placebo 1 DMT arm in the occurrence of the second demyelinating event (conversion to CDMS). At the end of Table 2 Disease activity at MRI and T1-hypointense lesions after 6-month scans following vaccination or placebo The p values were ,0.05 at months 1, 3, 4, and 6; the difference was near-significant at months 2 (p 5 0.07) and 5 (p 5 0.09; Mann-Whitney U test). BCG 5 Bacille Calmette-Guérin; Gd 5 gadolinium; bars = standard error.
follow-up, more than half of vaccinated individuals remained relapse-free (19/33; 57.6%), compared with 12/40 (30%) in the placebo arm, with an absolute difference of 27.6% (p 5 0.018). A log-rank test showed a different pattern of cumulative probability of CDMS in the 2 groups (p 5 0.02, figure 3B) . A Cox regression model adjusted for baseline data showed that the 5-year cumulative probability of CDMS was lower in the BCG 1 DMT arm (hazard ratio No major adverse event was recorded during the trial. During the follow-up, the frequency and the nature of adverse events were within the established profile of DMT that the patients took, without differences between vaccinated and nonvaccinated individuals.
DISCUSSION BCG vaccination appears to have early beneficial effects and possibly long-term action in persons with CIS, supporting previous observations in patients with MS. 12, 13 Compared with placebo, BCG significantly decreased disease activity at MRI and the number of new T1-hypointense lesions during the first 6 months. In addition, BCG may have longer effects: treated people had less T1-hypointense lesions and cumulative number of relapses after 18 months and showed a reduced risk of conversion to CDMS over 5 years.
The exact mechanisms behind the effects of BCG in neuroinflammation are unclear. Pleiotropic pathways may help explain the action of BCG in MS: antigenic competition and traffic diversion of autoreactive T cells 21, 22 ; the immunomodulatory action of effectors, which are usually associated with proinflammatory pathways 15, 23, 24 ; and the development of regulatory cells that are activated by adjuvant approaches 25 and other microbial products, 26 or by exposure to parasites, 27 providing support to the view ("hygiene hypothesis") that "Western" habits have facilitated the development of immune disorders in recent decades. 28 General issues that may be relevant for the use of BCG in MS regard the limited use and availability of the vaccine in developed countries, including the United States, and the possible need to obtain a Mantoux reaction prior to treatment initiation in future therapies. Specific issues concerning this trial include partial imbalance between the 2 study arms in consent withdrawal (8 in BCG vs 1 in placebo group) and in baseline characteristics (not significant prevalence of active scans and spinal cord syndromes in the placebo group). While we do not have an explanation for the former point, it is of note for the latter that the BCG effect on the outcome measures remained significant when adjusted for baseline covariates. Potential limitations of the open-label phase of the study may fall within those of all open-label, long-term extensions of clinical trials and especially the unblinded assessment. This limits the interpretation of the 60-month follow-up data, in particular those regarding the DMT-free subjects.
With these considerations in mind, and though the comparison must be taken with caution given the peculiarity of our study and the different protocols of each trial, it is worth noting that the absolute risk reduction of CDMS in our study is not lower than that reported with IFN-b or glatiramer acetate. [5] [6] [7] [8] [9] Interestingly, the curves of probability of CDMS development (figure 3B) show a clearer separation between the 2 study arms after 10 months, when all patients received DMT. This may be due to the absolute low conversion rate during the first months, but an additive effect of vaccine with DMT cannot be ruled out, as it is also suggested by the significant difference between the 2 study arms in the cumulative number of relapses at month 18.
The long-lasting effects of BCG vaccination are important 29, 30 and will have to be taken into account if and when phase 3 trials will be initiated. In fact, the proper dose and frequency of BCG remain to be determined. Repeated vaccinations may be an option (as recently reported for patients with insulin-dependent diabetes mellitus). 31 However, considering the duration of the favorable effects in MS, more "relaxed" vaccination schedules may be possible, hence reassuring against possible harms of too frequent immunizations (hyperergic reactions, and T helper 17-dependent tissue damage). 32 Taken as a whole, our results warrant future phase 3 trials in people with CIS, with additional outcome measures (whole brain and gray matter atrophy, among others) especially aimed at verifying a potential neuroprotective effect. Moreover, our findings demonstrate the feasibility and possible benefit of safe, inexpensive, and handy approaches immediately after the first demyelinating episode.
AUTHOR CONTRIBUTIONS
Drs. Ristori and Salvetti were the principal investigators. Drs. Ristori, Salvetti, Pozzilli, Caputo, and Bresciasmorra conceived and designed the study. Drs. Romano, Cannoni, Visconti, Coarelli, Mendozzi, Lanzillo, Buttinelli, Gasperini, and Frontoni followed up the patients and acquired the clinical data. Drs. Tinelli, Cecconi, and Quarantelli acquired MRI data. All the authors were involved in the assessment and interpretation of the data. The statistical analyses were conducted by Drs. Cannoni and Vanacore. Drs. Ristori, Romano, Vanacore, Pozzilli, and Salvetti wrote the manuscript.
